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Background: Laparoscopic appendectomy has been widely practiced for uncomplicated appendicitis. The
role of laparoscopy in management of complicated appendicitis remains undeﬁned. We undertook this
study to evaluate the efﬁcacy of laparoscopic appendectomy in patients with complicated appendicitis.
Method: This study involved a total of 110 consecutive patients who had undergone appendectomy for
perforated or gangrenous appendicitis between March 2004 and December 2008. Sixty-one patients
underwent open appendectomy (OA) and remaining 49 patients underwent laparoscopic appendectomy
(LA). Parameters studied were operative time, conversion rate, wound infections, intra-abdominal
abscess and duration of pain and hospital stay.
Results: There were two conversions due to extremely friable appendix. Laparoscopic appendectomy
took longer to perform (98 min versus 79 min) but was associated with less analgesic use, shorter
median hospital stay (LA- 3 days; OA- 6 days, p< 0.05), and lower rate of wound infections (LA, 8.2%; OA,
24.6 %, p< 0.05). Intra-abdominal abscess occurred in four patients (8.2%) in LA group and fourteen
patients (22.9%) in OA group (p< 0.05). More patients in OA group experienced prolonged ileus than LA
group but the difference was statistically insigniﬁcant. All complications were managed conservatively
and there was no mortality in either group.
Conclusions: Laparoscopic appendectomy for complicated appendicitis is feasible and safe. It is associ-
ated with less postoperative pain, lower incidence of infectious complications and reduced length of
hospital stay when compared with patients who had open appendectomy.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Laparoscopic appendectomy (LA) has the advantage of
providing better access and good visualization of the peritoneal
cavity through small incisions, as compared to open appendectomy
(OA). Logically, LA should be beneﬁcial in the management of
complicated appendicitis which has more morbidity than simple
appendicitis. Despite numerous clinical trials and meta-analyses
of the data, it is still not clear whether open appendectomy (OA)
or laparoscopic appendectomy (LA) is the most efﬁcacious and
effective surgical approach to acute appendicitis.
Currently, the choice of operative approach is mostly at the
surgeons’ discretion. Golub et al.1 in his meta-analysis of 16
prospective randomized studies and Sauerland2 in his Cochrane
Review of 45 studies reported a lower wound infection, higher
operating time & higher incidence of intra-abdominal abscess (IAA)nagar Society, Athwa Lines,
. Garg).
ciates Ltd. Published by Elsevier Ltfor LA than OA. Similarly Yau et al.3 and Pokala et al.4 reported lower
wound infection rate and higher rate of IAA when compared with
OA. Whereas Chung et al.5 in his meta-analysis of 17 trials, Garbutt
et al.6 with analysis of 11 trials and Temple et al.7 with 12 trials
reported no signiﬁcant differences in intra-abdominal abscess
rates. Slim et al.8 concluded that nothing is deﬁnitively well
established, even after 12 randomized trials.
The purpose of the present clinical study was to evaluate the
difference between the two methods of appendectomy in patients
with complicated appendicitis in our setup.
2. Material and methods
Between March 2004 and December 2008, 389 patients were
treated for acute appendicitis out of which 110 (28.3%) had
complicated appendicitis. All patients with conﬁrmed intra-
operative diagnosis of either perforated, gangrenous appendix or
acute appendicitis with pus formation were included for analysis.
Patients with diagnosis other than appendicitis were excluded.
From January 2006 all patients with appendicitis were treated
laparoscopically.While 61 patients underwent open appendectomyd. All rights reserved.
Table 1
Patient & operative details.
LA Group (n¼ 49) OA Group (n¼ 61) p value
Age (median) (range) 23 years (6–64) 25 years (7–52) NS
Sex ratio (m:f) 28:21 34:27 –
Duration of Surgery (mean) (range) 98 min (62–134) 79 min (50–103) <0.01
Degree of appendicitis-
Acute appendicitis with pus 18 22 NS
Gangrenous appendix 12 14 NS
Perforated appendix 19 25 NS
Return to oral feeds (median) (range) 2 (1–4) 3 (2–6) NS
Hospital Stay (median) (range) 3 days (1–8) 6 days (2–12) <0.05
Analgesics (median) (range) 2 days (1–4) 5 days (2–8) <0.05
NS¼ not signiﬁcant.
Table 2
Postoperative Complications.
LA Group OA Group p value
Wound infection 4 (8.2%) 15 (24.6%) 0.040
Intra-abd Abscess 4 (8.2%) 14 (22.9%) 0.042
Prolonged Ileus 2 (4.1%) 7 (11.5%) 0.294
Jaundice 1 0 –
Pulmonary Complications 1 0 –
Mortality 0 0 –
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underwent laparoscopic appendectomy (LA) thereafter.
All patients received preoperative intravenous antibiotics
(a third generation cephalosporin). Laparoscopic appendectomy
was performed using a two handed, three-trocar technique.
A 10-mm subumbilical port was introduced for the telescope after
creating pneumoperitoneum with verees. In addition, a 10-mm
port was placed in the suprapubic region and a 5-mm port at Mc
Burney’s point. The telescope was then shifted to the suprapubic
port. The mesoappendix was dissected with Maryland dissector
using electrocautery, appendix doubly ligated with chromic loop
and the appendix was divided. Transﬁxation of stump with silk
suture was done where the diameter of appendix at base was large
because of risk of slippage of chromic loop. To avoid contamination,
the appendix was removed in a specimen bag. All appendix spec-
imens were sent for histopathological examinations.
Open appendectomy was performed through a right lower par-
amedian incision. This allows a better visualization, a better &
thorough peritoneal lavage and the opportunity to enlarge the
incision in both directions in case of some unexpected pathology
that requires a larger exposure. The mesoappendix was ligated, and
the appendiceal stump was ligated with silk. The abdominal wall
was closed in layers with absorbable sutures, and the skinwas closed
with nonabsorbable sutures. Both groups of patients underwent
thorough peritoneal lavage using warm saline until the drainage
ﬂuid became clear. Drains were placed in pelvis in both groups.
Analgesics were given intramuscularly. Antibiotics were
continued or stopped according to the clinical ﬁndings. Oral intake
was started as soon as patients could tolerate it and when bowel
function became adequate. Patients were discharged as soon as
they were taking orally adequately and mobilized. Postoperative
complications were recorded both during hospitalization and at
follow up. The follow up in the outpatient’s clinic was at one week,
15 days and at one month intervals for six months. Patients’ follow
up record was maintained and updated in computer data. Patients
were instructed to report back immediately for any complication
related to the surgery irrespective of the duration of follow up.
Data collected included patient age, sex, blood and radiological
investigations, intra-operative ﬁndings, operating time, analgesic
use, start of oral intake, and the length of postoperative hospital stay.
Complications recorded were wound infections, intra-abdominal
abscess, bowel obstruction, ileus, chest infections, etc. Intra-
abdominal abscess was deﬁned as symptomatic postoperative
collection in the peritoneal cavity, wound infection deﬁned as
purulent discharge fromwound requiring/resulting in opening up of
the wound and prolonged ileus deﬁned as absence of evidence of
peristaltic activity beyond 48 h of surgery. These parameters were
summed and compared between the LA and OA groups.
The continuous variables were analyzed using student’s t-test.
The Fischer’s exact test was used for categorical data. A p value of
<0.05 was considered statistically signiﬁcant.
3. Results
Sixty-one patients underwent open appendectomy (OA) and 49
patients underwent laparoscopic appendectomy (LA) during the
study period. There were two conversions due to extremely friable
appendix Patient details and operative outcomes are given in
Table 1 and postoperative complications are summarized in Table 2.
Both groups were comparable with respect to age and sex
distribution and the degree of appendicitis.
Laparoscopic appendectomy took longer to perform (p< 0.01)
but was associated with signiﬁcantly less analgesic use (LA-2 days;
OA- 5 days) and shorter median hospital stay (LA- 3 days; OA- 6
days). Two patients in LA group had a thickened appendiceal basethat required suturing and added to themean operating time. There
was early return of oral intake in LA group than OA group but the
difference was insigniﬁcant. Eight patients with gangrenous
appendix and 17 with perforated appendix in LA group had asso-
ciated pus collection in right paracolic gutter and/or pelvis. Simi-
larly 10 patients with gangrenous appendix and 21 with perforated
appendix in OA group had associated pus collection. Thus 88%
(n¼ 43) of patients in LA group and 87% (n¼ 53) in OA group had
pus collection that needed a wash.
Comparedwith OA, LAwas associatedwith a lower rate of wound
infections (LA, 8.2%; OA, 24.6%; p¼ 0.040). All wound infectionswere
at skin level only without wound dehiscence. Both converted
patients developed wound infection. Two patients in LA group and
10 in OA group required secondary suturing and remaining were
managed conservatively with dressings. Intra-abdominal abscess
occurred in four patients in LA group and fourteen patients in OA
group (p¼ 0.042). All patients with the abdominal abscess were
treated successfully with percutaneous drainage. No patient
required re-exploration or re-laparoscopy for any of the complica-
tions. Two patients in LA group and seven in OA group had post-
operative ileus that delayed their start of oral intake (p¼ 0.294). One
patient in LA arm developed postoperative jaundice. He had pre-
existing cirrhosis of liver that was documented at laparoscopy.
Another patient in LA group had postoperative chest infection that
responded to antibiotics. Overall complications were signiﬁcantly
lower in laparoscopy group. There were no cases of postoperative
bowel obstruction and nomortality. Themean follow up in OA group
was 18 months with 8 patients lost to follow up while it was 14
months in LA groupwith 10 patients lost to follow up. There were no
long term complications in any patient on follow up.4. Discussion
Acute gangrenous and perforating appendicitis are associated
with an increased risk of postoperative complications and have been
considered a relative contraindication for laparoscopic appendec-
tomy.1,2,4 Nevertheless, some studies have challenged this concept,
comparing surgical outcomes of LA for complicated appendicitis.9–11
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advantages of LA can beneﬁt a patient: thorough inspection of the
entire peritoneal cavity, debridement, irrigation and lavage under
direct visualization, avoidance of large abdominal incisions, less
immunologic compromise and fewer pulmonary complications.12
Novitsky et al.13 emphasized that patients undergoing laparoscopic
surgery may beneﬁt most from a net immunologic advantage when
compared with laparotomy.
In our study, LA group had less postoperative wound infections
than OA group. This may be due to removal of the perforated
appendix through a plastic bag thus avoiding direct contact with
the trocar wounds. The infected ﬂuid was aspirated thoroughly in
the laparoscopic approach. While, in OA, it was difﬁcult to prevent
the abdominal incision from being in contact with both the
perforated appendix and infected ﬂuid. Indeed wound infection
rates of 43.6% in OA have been reported in recent studies.14
Gupta et al.15 have pointed out some technical issues to prevent
wound complications in laparoscopic appendectomy in perforated
appendicitis. The infected appendix should be handled with
atraumatic grasping forceps (preferably by the mesoappendix), and
every attempt should be made to avoid disruption of the appendix
and peritoneal contamination. Aggressive manipulation of the
infected appendix and unnecessary use of irrigation may produce
greater bacterial contamination of the peritoneal cavity. We per-
formed a thorough lavage of peritoneal cavity after removal of
specimen in all cases. Though some studies have reported a higher
intra-abdominal abscess rate after LA the fear of it is not realistic.16
Compared with OA, LA was associated with less analgesic use,
earlier start of oral intake and lower rate of wound infections and
intra-abdominal abscess collectively leading to reduction in post-
operative inpatient days. Though duration of surgery was signiﬁ-
cantly longer in laparoscopy arm it may be due to time taken for
peritoneal lavage and suturing of base. Yau et al.3 reported signif-
icantly less operating time in LA group compared to OA group.
Ultimately, the beneﬁt of laparoscopic surgery is unlikely to be the
length of the operation, but the quicker healing of smaller operative
wounds and earlier recovery.17 Another undisputed advantage of LA
is the ability to perform a diagnostic laparoscopy prior to per-
forming the procedure in doubtful cases.
Ball et al.18 strongly emphasized that appendectomies
frequently are performed as an emergency procedure during the
night, and if the resident staff does not have the experience, skills,
and guidance to perform such surgery, then residual sepsis will
follow. Sometimes, when technical difﬁculties appear, an inexpe-
rienced surgeon will opt for an ‘‘early conversion,’’ and then
infection of the wounds may complicate the postoperative period,
with direct bearing on the expenses. A surgeon’s experience has
been shown to correlate with the rate of conversion to open
procedures.9 All laparoscopic appendectomies in our study were
carried out by consultant surgeons only and open appendectomies
by a consultant or at least by a senior registrar. Conversion rate in
our series was 4.1% (2/49). Conversion rates have been reported
from 0% to as high as 47%.9,14,18
Advanced laparoscopic tools viz. ﬂexible laparoscope or
powerful suction/irrigation system and improved skills of the
surgeons may contribute to the better surgical outcomes.14 Sauer-
land et al.2 after his extensive review of 45 studies comparing LA
with OA had suggested that where surgical expertise and equip-
ment are available and affordable LA seem to have various advan-
tages over OA. Our centre being a large teaching institute wherepatients are treated free of cost and the required expertise and
equipment being available has prompted us to offer laparoscopy as
the ﬁrst choice of surgical intervention in all patients of acute
abdomen.
In conclusion, our study, though small in number, demon-
strates that laparoscopic appendectomy for complicated appen-
dicitis can be performed safely with a low incidence of infectious
complications and offering patients faster recovery than open
appendectomy. Laparoscopic appendectomy may potentially have
more prominent clinical advantages over conventional surgery,
when compared with the impact of LA on uncomplicated
appendicitis.Conﬂict of interest
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